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Title: 
Transformations in Matter and Energy: Student Learning and Inquiry to Inform Teaching 
 
Abstract: 
Learning progressions are descriptions of increasing levels of sophistication of student reasoning 
about a topic based on empirical evidence. Our learning progression framework about student 
explanations of carbon-transforming processes (e.g. photosynthesis, cellular respiration) describes how 
student’s interconnected and mutually supporting ideas and practices are deeply embedded in 
discourse at all levels of achievement. My research is in two areas: 1) applying the learning progression 
framework for student explanations of carbon-transforming processes to describe the most productive 
pathways for student learning, 2) extending the research to student reasoning during inquiry activities 
about carbon-transforming processes. One finding is that students who consistently follow the rules of 
conservation of matter and energy in their explanations are better positioned to advance in their 
understanding of carbon transforming processes. Another finding is that during inquiry investigations, 
students who do not apply the laws of conservation of matter or connect the macroscopic level with the 
atomic-molecular level in their reasoning often misinterpret the purpose of the investigation. Teaching 
supports that scaffold student learning about conservation of matter may be important in guiding 
student learning about carbon transforming processes and student inquiry practices. 
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“How does Karen’s argument support her idea that 
plant gains weight from materials that came from the 
air?”
Seed = 1 g
Soil = 80 g
Soil = 78 g
Plant = 
50 g
Seed 
planting
One year 
later
Karen
You can grow a big 
plant in a little pot 
without a lot of soil.
CLAIM: is about tracing matter
STUDENT’S REASONING: Atomic‐molecular models, 
conservation of matter
EVIDENCE: weight data
Student response to Karen’s 
experiment
INTERVIEWER: Well, what's the evidence that proves to you that 
she's right that plants gain their weight from air? 
JESS: The plant needs air to grow.
MS, HS, college interviews, n = 136 
…
INTERVIEWER: So, how many grams did the soil lose?
JESS: Like 2.
INTERVIEWER: And how many grams did the plant gain?
JESS: Like a lot. 
INTERVIEWER: So, do you think the weight came from the dirt?
JESS: Yes, I do. I do because … I mean if the soil weighs like less 
now then I think the plant ate it all.
